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FOREWORD

This note, which presents results from parameteric flutter

studies on a typical section airfoil using piston theory, was

prepared by the Aeroelastic and Structures Research Laboratory,

Massachusetts Institute of Technology, Cambridge 39,Massachusetts,

for the Aircraft Laboratory, Wright Air Development Center,

Wright-Patterson Air Force Base, Ohio. The work was performed

at the MIT under the direction of Professor Holt Ashley and

supervised by Mr. G.-Zartarian and Mr. W. H. Weatherill. The
research and development work was accomplished under Air Force

Contract No. AF33(616)-2482, Project No. 1370, "Aeroelasticity,

Vibration and Noise", and Task No. 13478, "Theoretical Super-

sonic Flutter Studies". Mr. Walter J. Mykytow of the Dynamics

Branch, Aircraft Laboratory is task engineer. This note con-

tains data only and represents a part of a research program on

the flutter of aircraft structures at supersonic speeds. Further

reports will be published as the research continues. The basic

research was started I Jul!y 1954 and is continuing. As part of

this research WADC Technical Report 5b-97, (Confidential Report -

Unclassified Title) "Theoretical Studies on the Prediction of

Unsteady Supersonic Airloads on Elastic Wings" haa been publish-

ed in two separate parts. Part I, (Unclassified itle) "Investi-

gations on the Use of Oscillatory Supersoiic Aerodynamic Influence
Coefficients" which presents the studies on the use of the aero-
dyna ic influence coefficient method, was issued in December 1955;

and Part II, (Unclassified Title) "Rules for Application of

Oscillatory Supersonic Aerodynamic Influence Coefficients" which

presents working rules and recoumendations for flutter analysis

using the aerodynamic-influence-coefficient method, was issued

in February 1956.
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ABSTRACT

An ext,nsive set of tables is presented from bintary flutter
calculations on the typical section airplane wing model of
Theodorsen and Garrick (Rtaf. 1). The airloads are predicted
using two-dimensional piston theory. The parameters studied in-
clude thickness as well as center of gravity position, elastic
axis position, wing and aileron radii of gyration, and frequency
ratio. The three binary flutter cases for which data is given
ar, bending-torsion, bending-aileron, and torsion-aileron flutter.

PUBLICATION REVIEW

This report has been reviewed and is approved.
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SECTION 1

PARAMETRIC STUDY OF FLUTTER
AT HIGH SUPERSONIC SPEEDS

1. Introduction

The objective of this report is to present the numerical
results of extensive binary flutter calcu ations on the typical
section airplane wing model of Theodorsen and Garrick (Ref. 1)
with two-dimensional piston theory used for the aerodynamic terms
in the flutter equations. The effects of all dimensionless
system parameters on the flutter eigenvalues are included.

In order to expedite publication, no graphical presentations
or interpretation of results are given herein. This is therefore
an interim report, designed to make the data generally available
,while a more complete paper -,s being prepared on the same subject.
The final report will contain no additional numerical information
but will be devoted to interpretation of findings and discussion
of ways in which the material can be used.

Piston theory is an approximate technique for estimating
airloads on airfoils in unsteady motion at higher supersonic and
ow hypersonic speeds. It had its origins in work of Hayes

(Ref. 2) and Lighthill (Ref. 3) and has been applied to aero-
elastic problems in several recent publications (e.g., Refs. 4
asd 5). Its use for typical section flutter analyses is desirable
for several reasons. First, it yields a much simplified set of
equations of motion, as compared with more conventional unsteady
aerodynamic theory. In some cases the flutter determinant may
even be solved i closed form. Extensive flutter calculations
lusirg piston theory can be made on any swall digital computing
maine, such as the Burroughs E1O1 which was employed in the

vresent investigation. Second, the influence of airfoil thickness
aid other nonlinear effects, if significant) can be introduced

without excessive additional computational difficulty. To the
authors'knowledge this is the first parametric study of flutter
which iwludes thickness effects. Although by no means exhaustive,
th rmes of paramters covered appear to be those of general in-

te for the supersonic flight regime.

kaduscVi released by the authors May 1957 for publication as a
MA TC'ical Note,

CTM 5T"-310 i



In setting up the flutter problem for this report, a three-
degree-of-freedom determinant was first derived for the system
pictured in Fig 1. Only the three sub-cases of binary flutter
were calculate however. Thus the tables list data only on
bending-torsion, bending-aileron and torsion-aileron flutter of
the typical ection.

The flutter equations and their solution follow the pattern
established by Garrick and Rubinow (Ref. 6). A symmetrical
double-wedge airfoil shape has been chosen as typical of super-
sonic configurations.

Section 2 gives the computational details, while Section 3
discusses the manner of tabular presentation of data. In this
latter connection, a few remarks are in order. Past convention
has usually been to present comressible-flow flutter boundaries
on plots of dimensionless speed- (e.g. U,/b w) vs. Mach number M.
On such a plot, flight of a given aircraft at a given altitude is
represented by a sloping straight line through the origin of
coordinates. A flutter-free condition for the given altitude
occurs at any M where the actual flutter curve lies above this"altitude line". This form of presentation has the disadvantage
that the airspeed is contained implicitly in both the ordinate and
abscissa of the stability diagram. It has been pointed out
(Ref. 6) that the flutter stability boundary can equall., well be
presented as a curve of b4/vs. M, vhere a is the spec i sound
at flight altitude. Flight of a given aircraft at a given
altitude is then described by a horizontal straight line; no
flutter occurs if this straight line lies above the actual flutter
curve. Alternatively, the flutter curve can be interpreted in
terms of the torsional stiffness required for safe flight of a
wing of given geometry at a given speed of sound and Mach number.

It has been pointed out that the curves for various
altitudes can be brought in closer juxtaposition by multiplying
the ordinate b"'/. by some power of the wing-to-air density ratioi

(thus, , can be interpreted in terms of indicatted rather
than true airspeed). For this reason, and because ^ and M F
always appear as the product ^At in the analysis, all flutter
data in the present report are given as tables of #"1f& (or-#* )
vs. s&M, each row representing the ordinates of the stability i
boundary for one set of dimensionless parameters.

*See List of Symbols for definitions of all physical quantities.

WADC TN 57-310 2



2. Development of Flutter Equations

Figure la illustrates the two-dimensional dynamic model
which forms the basis of this trend study on supersonic flutter.
It is identical with the 'typical section" model used by
Theodorsen and Garrick (Refs. 1 and 6). This system has three
degrees of freedom, described by the time-dependent quantities
h, c , and o , which are analogous to bending, torsion and con-
trol-surface rotation, respectively, of an unswept wing or tail
surface. When the equations of motion of this iel in a super-
sonic airstream are set up, under the assumption that h, od , A
vary simple-harmonically with time, there resultA the well-known
flutter determinant (cf. Ref. 6). This complex determinant, whose
vanishing supplies two characteristic equations for the flutter
eigenvalues U. and to, , is of third order in the present example:ABC

D E V 0

G H 1 (1)

In terms of quantities defined in the List of Symbols, the
elements of Eq. (1) are the following:

A -,,/~z + j , #L/. #iL34 2

B -#vXt +,w 43,- i4C

E

F. -Adzs / (,-.)X,.., , .,

Gm
H = -,=[Q,1+,(x,-x.).I,7+,t 6

(2)

Here (i ,+ikr ), etc., ara dimensionless rep-esentations of
the lifts, pitching moi-nts rAnd control-surface p.nge oments due
to simple harmonic motions in the three degrees of freedom. The
definitions adopted here coincide with those originally given by
Garrick and Rubinow (Ref. 6). For sufficiently high supersonic

WAX T1 57-310. 3
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(b) GEOMETRICAL SHAPE OF AIRFOIL SECTION

Fig. 1 The Model Used For Flutter Analysis
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flight Mach number M, these coeffients can be put into the
relatively simple forms yielded by piston theory (Ashley and
Zartarian, Ref. 5). Assuming a syrmetrical double-wedge airfoil
section of chord 2b and thickness ratio 6 , and accounting for
the second-order effect of thickness, Zartarian, Heller and
Ashley (Ref. 4) give the following:

L1 =O

L2  RM

L = 0
3 AA"~

4 - / I . -,#-,,}

L5 5

L6 = /2

14 =g~/I -2x.J2'-X)~~

N2 =

NI -. x., (3)Y

As in Ref. (1), the present report concentrates on th.
influence of various system parameters on solutions of the
flutter determinant "Eq (1)" for-the sub-cases obtained by
successively suppressing, each of the degrees of freedom. The
determinants for these t.hree binary flutters are

WADC TN 57-310 5
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(1) Bending - torsion flutter:

1A B=O

ID E (4 )

(2) Bending-aileron flutter:

A C

G 1- (5)

(3) Torsion-aileron flutter:

IE F W=0

jH 1 (6)

It is significant that the bending-torsion sub-ease can be
solved explicity for the dimensionless speed and frequency of
flutter:

4-(+ -

r M-1 (O[J +I -44s_ - -AA

These expressions display explicity the influence of the various
system pairters and combinations thereof on the eigenvalues.
It is unfortunate that similar closed-form solutions cannot be
writtmn down for the other two binary flutter cases. From the
computational standpoint, howver, th implicit equations yielded
by the bendinS-aileron and torsion-aileron determinants can be
solved for speed and frequency with nearly equal ease.

3, Description of Results

The combinations of paramters used for each binary
flutter solution are listed in Tables 1-3.

Tables 4 through 62 concamn all the calculated results
Dlat& spac- indicate that wc calculations were made. Asterisks
indicate that careful exaination of the equations shows that no

WADC TN 57-310 6



solutions exist. Dashes in the boxes mean that calculations were
made and no real solutions were found.

The numbers contained in the tables, as mentioned in the
Introduction, are values of at flutter for the particular
combination of parameters involved. The tables are setup with
the purpose of making curves of /A&l versus ,aAf for a series of
values of thickness ratio with other parameters fixed. ZASW, /a was

I: chosen because, for a given configuration (values of 6', and ?n
fixed) and altitude, ,,6 ,&, is represented by a straight hori-
zontal line in a graph" of b /. versus IM. Also, a flight
diagram showing the design capabilities of a particular aircraft
may be superimkposed on a plot of a versus ,.(M. The Mach
number, M, always appears in linear combination with ,ss , thus /s ,
was considered to be the most convenient and economical scale for
the abscissa (ef. Eq. 7). Note that/," also appears with the
thickness parameter in the single combination . An example of
drawing a flutter boundary on a flight diagram is given in the
Appendix. Although the tables are set up to ue used to show
trends due to thickness, the reader should have no trouble in
combining any set of numbers to illustrate desired trends.

All the results were obtained for a typical section of a
symmetrical double wedge airfoil section of chord 2b and thickness
2S b. For the modes used in this report (first power in x only),
as shown in ref. 5, the actual profile of the wing enters the
piston theory aerodynamic derivatives only in the form of the area
of the airfoil section, the area of the flap, the first area mo-
ments of the wing and flap about their leading edges, and the

thickness of the profile at the hinge line, all non-dimensionalized
with respect to the semichord. If these parameters can be made
numerically equal for two different profiles (say by adjusting the
thickness parameter), then the two profiles would have the same
aerodynamic derivatives. This may be done only for special systems
for the binary cases including the aileron mode and for the ternary
system where three or more of the above conditions must be satisfied.
However, for the bending-torsion system, where only the area and
first area-moment conditions must be satisfied, similarity rules may
be found between all profiles having the same non-dimensional cen-
troid of area location. For example, a doubly symmetric biconvex
airfoil section with parabolic thickness distribution of maximum
thickness 2b 6 will have the same bending-torsion flutter bound-
ary as the double-wedge section of this report of maximum thickness
2b This of course assumes that all other system para-
meters -ire identical. These various aspects will be further discuss-
ed in the final report.

WAC TN 57-310



BENDING-TORS ION FLUTTER

x x r 2w/Xa  0o  a h___ Wh/Wa Table No. Page No

0 0.35 0.09 0 0- 1.5 4 15
0.000,5 0- 1.5
0.001 0- 1.5

o.16 0 0- 1.5 5 16
0,000,5 0- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 6 17
0.000,5 0- 1.5
0.001 0- 195

0.4 ,O9 0 0- 1.5 7 18
0.000,5 0- 1.5
0.001 0- 1.5

o.16 0 O- 1.5 8 19
0.000,5 0- 1.5
0.001 0- 1.

0.25 0 0- 1.5 9 20
0.000,5 0- 1.5
0.001 0- 1.5

0.45 0.09 0 0- 1.5 10 21
0.000,5 0- 1.5
0.001 0- 1.5

o.16 0 0- 1.5 II 22
0.000,5 0- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 12 230.000,5 O- 1.5
0.001 0- 1.5

TABLE 1T

SWADC TN 57-3i0 8



II - ill i i

BENDING-TORSION FLUTTER (Continued)

x x r 2 8 l
X h X a Table No. page No.

0 0.50 0.09 0 0- 1.5 13 24
0.000,5 0- 1.5
0.001 0- 1.5

o.16 0 0- 1.5 14 25
0.000,5 0- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 15 26
0.000,5 0- 1.5
0.001 0- 1.5

0.1 0.35 0.09 0 0- 1.5 16 27
0.000,5 0- 1.5
0.001 0- 1.5

o16 0 0- 1.5 17 28
0.000,5 0- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 18 29
0.000,5 0- 1.5
0.001 0- 1.5

o.4 0.09 0 0- 1.5 19 30
0,000,5 v- 1.5
0.001 0- 1.5

o.16 0 0- 1.5 20 31
0.000,5 0- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 21 32
0.000,5 0- 1.5
0.001 0- 1.5

0.36 0 0- 0.7 22 33

TABLE I

WAIC TN 57-310 9



BENDING-TORSION FLUTTER (Continued)

xa X ra2  co/co Table No. N-ag..o.

a0ah a Pg

0.1 0.45 0.09 0 0- 1.5 23 34
0.000,5 0- 1.5
0,1001 0- 1.5

0.16 0 0- 1.5 24 35
0.000,5 O- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 25 36
0.000,5 0- 1.5
0.001 0- 1.5

0,36 0 0- 0.7 26 37

0.5 0.09 0 0- 1.5 27 380.000,5 0- 1.5
0.001 0- 15

o.16 0 0- 1.5 28 39
0.000,5 0- 1.5
0.001 0- 1.5

0.25 0 0- 1.5 29 40
0.000,5 0- 1.5
0.001 0- 1.5

0.36 0 0- 0.7 30 41

0.55 0.09 0 0 31 42

0.16 0 0 32 43

0.25 0 0 33 44

0.36 0 0 34 45

TABLE 1

i

i
SWADC TN 57-310 1 0



_BENDING-TORSION FLUTTER (Continued)

XQ Xo r 81, " hiWa Table No. Page No.
0.0 0 35W/w0.2 C%.35 0,.. oo 07 3-5

0.000,5 0.3- 0.7
0.001 0.3- 0.7

o.16 0 0 - 0.7 36 47
0.000,5 0.3- 0.7
0.001 0.3- 0.7

0.25 0 0 - 0,,7 37 48
0.000,5 0.3- 0.7
0.001 0.3- 0.7

0.36 0 0 -0.7 38 49

o.4o 0.09 0 0 - 0.7 39 5

0.000,5 0 - 0.7
0.001 0 - 0.7

o.16 0 0 - 0.7 40 51
0.000,5 0 - 0.7
0.001 0 - 0.7

0.25 0 0 - 0.7 41 52
0.000,5 0 - 0.70.001 0 -T.

0.36 0 0 -0.7 2 53

o.45 0.09 0 0 -0 7 43 54
0.000,5 0 -0

0.001 0 - 0.7

o.16 0 0 - 0.7 44 55
0.000,5 0 - 0.7
0.001 0 -0.7

0.25 0 0 -0.7 45 56
0.000,5 0- 0.7
0001 0 - 0.7

0.36 0 -0 .7 46 57

TAKE 1

WAD TN 57-310



BENDING-TORSION FLUTTER (Continued)

Xa X0  r a 2 w h/w Table No. Page No.

D.2 0.50 0.09 0 0- 0.7 47 58
0.000,5 0- 0.7
0.001 0- 0.7

o.16 0 0- 0.7 48 59
0.000,5 0- 0.7
0.001 0- 0.7

0.25 0 0- 0.7 49 60
0.000,5 0- 0.7
0.001 0- 0.7

0.36 0 0- 0.7 50 61

II

II

TABLE 1

WADC TN 57-310 12



IBENDING -AILEIY.RON ....._[

r2oI
X 8/I MTable hNo. PAge No.

o.8 o.ooi,96 0 0 4o-4oo o- i.o 51 6P
0.001

0.01 0 40-400 0- 1.0 52 63
0.001

O.014 0 40-400 O- 1.0 53 64
0.001

o.8 0.003,24 0 0 40- oo 0- 1.0 54 65
0.001

0.01 0 40- 400 o- i.0 55 66
0.001

o.o14 0 4o- 400 o- I.o 56 67
0.001

4

TA=LA 2

WADC TN 57-310 13



TORSION-AILERON

x r Table No. Page No.

0.8 o.ooi,96 0 0 40- 40o o- 1.0 57 68

0.001

0.01 0 4o- 4oo o- 1.0 58 69
0.001

0.014 0 40- 400 o- 1.0 59 70
r, =o.3 6 0.001

o.8 0.003,24 0 0 40- 400 o- I.o 60 71
0.001

0.01 0 40- 400f o- 1.0 61 7P
0.001

ox4 0 4ooo - 4

r.=.36 0 4o- oo 0- 1.o 62 73

I
TA= 3

wVM TN 57-31o 14
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40 8o 120 240 400

0 48.113 7o.0616 91.123
46.4o6 63.702 81.612

0.001 58.861 65.451
55.899 62-534

0 73.290 95.421
66.918 85.645

.3 61500 68.482
0.03 82~- 1500.001 58792 !65.6771

0 76.128 99.217
0 - 69.793 89.232o.0.001. 
-- 63.784 714144
o. 01 61.411 68.488

0 80.295 104.831
74.111 •94.8

0.5 0.001 66.991 75.03765.488 72.727

0 86-3"91 113176
80.720 102...672

o.6 0.001 - 80.563
-I "79.381

0 95.354 126.136
0.7 - 91.774 115.'05

0.001

0 14818

0.8 139-407

0.001
X1 =O. 8 X, Io.0 r" O. 0o196

TABU 51 .Lbwh FOR BENDING-AILERON maR

No real solutions for values of .± above 0.8 for
the range of pw considered.
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No Real Solutions

x,= 0.8 X= o.oi = 0o.ool,96J

i
I

TALE 52 ybwh FOR DENDING-AMERON FLUTTER
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No Real Solutions

X1 o.8 f ~=o'4 r ol,96J

TABLE 53 IL bw h FOR BENDING -AILERON FLUTTER
a
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40 80 120 240 400

0 - 31.061 38.738 55.484 71.943
- 29.342 35.271 49,,222 63.254

0.001 m 29.287 35.730 464716 51.752
- 28.470 33.320 43,.101 48.396

- 32.275 40.482 58.094 75.367
0 31.031 37.089 51.660 66.3520.3 0.001 - 37-305 48.895 54.196

35.070 45.252 50.784

- - 42.004 60.398 78.395
0 - - 38.724 53.830 69.105

0.4 0.001 38.664 5o.816 5G.355
- - 36.657 47.170 52.909

0- - 44.214 63.804 82.885
0.- 41.203 57.071 73.205

0.50 - - 40.571 53.646 59•547
- - 39.125 50043 56.081

0 - 47.339 68.862 89•581
- - 45.098 61.969 79.375

o.6
0.001 - - - 57822 64.287

0 - - 54.409 60.875

- - - 76.701 Ioo.o6o
0- - - 69.816 89.176

0.7 00- - 64.151 71.620
0.0o - - - 61•542 68•570

0- - - 89.955 118.330

0 84-334 106.827
0.8

0.001 o a a

.. a.. 158.176

.. a.. 151.420

0 .9 0 . a 0 a

0.001

0 ai amo

0. 8 x# 0 rj= 0.00324

TABIJ 5 4 FlOR I, NIJ-AILIIOI FLUTTZ

VADC TH 57-310 65



TU

40 8o 120 240 4oo

24.927 35.735 43.952 62.415 80.708
0 18.570 25.860 1.518 44.362 57.164

0.001 24.275 3 840 4o.416 52.022 57.060
0.001 18.187 1.774 29.491 38.265 42.666
0 25.782 37.052 45.604 64.803 83.817
0319.629 27.266 33.209 46.711 60.176

0.30 25.110 35.091 41.943 54,030 59.286
0.001 19.220 26.112 31.058 40.253 44.847

26.381 38.030 46.847 66.620 86.191
0 20.651 28.598 34.802 48.916 62.998

0.001 25.697 36.027 43.102 55.583 61.029
_ 20.217 27.378 32.531 42.111 46.877

26.849 39.031 48.176 68.629 88.8480 22.444 30.820 37.432 52.520 67.596

0.5 0.001 26.161 37.ool 44.369 57.368 63.095
oo01 21.965 29.485 34.955 45.130 50.150

- 38.013 47.890 68.938 89.5280 - 36.116 42.974 59.671 76.560
o.6 - _ _ _ _ _ _

0.001 - 36.057 44.233 57.962 64.157
- 34.548 40.043 51.042 56.389

0

0.7 _ _ _ _ _ _ _ _ _ _ _- _ _ _ _

0.00 1 --

0-

086

0.001

0.8 Xp- 0.01 [' -0.00324

TABLE 55 .bwh FOR DENDINC-AIIERON FL TER

No real solutions for values of - above 0.8 fir
the range of."m considered wh
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40 8o 120 24 4oo

0 23.049 33.366 41.137 58.539 75.755
0 19.606 27.035 32.871 46.169 59.447

0.00, 22.465 31.652 37.926 49.o43 54.o06
19.185 25.856 30.682 39. Z35 44.o47

0 - 32.806 40..758 58.30 75.589
- 29.751 35.896 5-0.150 64.461

0.3.1 0001 " 31.159 37.654 49.049 54.232
0.1 - 28.430 33,457 42o929 47.549

0

0.4
0.001 

w

x, - o. 8 x- o. o14 = 0.00324

TABLE 56 pbwh FOR BENDING-AILERON FLUTTER

No real solutions for values of u above 0.4
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U/. A 40 80 120 240 400 

28.392 40.919 50.402 71.671 92.725
00 22.360 3o. 999 37.736 53.057 68.341

27.730 38.988 46.788 60.953 68.050.001 22. 036 3 0.213 36.257 48. 51 56.781

0 30.218 43.567 53.673 76-334 98-764
o 23.266 32.242 39.243 55-167 71-054

0.3 0.001 29.519 41•521 49.838 64.946 72.538
22.968 31.398 37.659 50.256 58.774
31.854 45.948 56.616 80.533 104.204

0 24.076 33.348 40.583 57.041 73.463
0.4

0.001 31.121 43.793 52.571 68. 511 76.507
23.759 32.455 38.910 51.872 60.581

0 34.313 49.540 61.060 86.880 112.429o.5 25.292 35.000 42.581 59.833 77.049
0.001 33.525 47.211 56.683 73.855 82.409

24.947 34.037 40.781 54.293 63.308

0 38.043 55.019 67.849 96.589 125.018

o.6 27.143 37.498 45.596 64.035 82.445

0.001 37.166 52.409 62.934 81.942 91.256
26".756 36.430 43.608 57.957 67.457

43.934 63.760 78.709 112.162 145.231

0.7 0 30.156 41.516 50.429 70.753 91-059
42.903 60.664 72.866 94.722 105.0770.001 29.703 40.283 48.146 63.829 74.123

0 5.483 78.366 97.ooo 1 8.573 179.6oo
8 36007 49.o98 59.479 13.241 107.229

0.80.00 52.185 74384 89.448 115-989 127-788

35.420 47.547 56.636 74.736 86.474
0 58.777 108.905

o.85 42.325 68.437
0.001 57.349 83.o8 loo.237 1 0.108 142.93

* _ 41.580 5.841 65.016 15.328 98.374

0 1 - 154.383 202.980
0 - ____________128.525 162.9011

0.9 ". 128.608 142.1 .10.001 115.041 131.861

X, n O8 I0*001996

so 0.J&
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No real solutions

xi .o.18 - 0. 011 r82  0. 00
r -0.36

TABLE 58 bWa FOR TORSION-AILERON FLUTTER
a
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Vc real solutions

Jxf =0.8 X8  .o01 4 0 .001oo967
XG=Oo4 ro36

TABLE 59 ____a FOR TORSION-AILEUDN FL1?MTR
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F/. 40 8o 120 240 4oo

22.809 32.612 40.081 56.875 78.3190 17.117 23.917 21.180 41.113 52.998
0.001 22.290 31.110 37.276 48.587 54.503

16.926 23.367 28.141 37,851 44.754

0 24.283 34.731 42.689 60.582 78.319
0 17.772 24.825 30.285 42.664 54.996

0.3 2 33 1 39 . ... 5 50.0 3. 735 33.139 39.715 51.789 "58.139
17.565 24.233 29.169 39.175 46.621

25.603 36.631 45.029 63.911 82.262
0 18.354 25.630 31.264 44.039 56.765

0.4
0.001 25.027 .34.955 41.895 54.637 61.339

18.134 25.003 30.083 40.359 47.530

27.584 39.488 48.551 68.922 89.110
0 19.222 26.827 32.717 46.078 59.389

0.001 26.964 37.677 45.162 58.887 66.069
18.984 26.150 31.446 42.130 49.528

0 30-580 43821 53.895 76.534 98.965

0.6 20-529 2.621 34.895 49.128 63.312

0.001 29.887 41.792 50-095 65.268 73.097
20.264 27.873 33.492 44.798 529561

o 35.279 50.657 62-342 88.582 114.573
0.7 ______ 2.616 31.469 38-342 53-948, 69-507

0.001 34.462 48.252 57.832 75.206 83.895
22.309 30.610 36,.738 49.033 57.402

|. i

0 42.853 61.838 76.219 108.458 14o.36o
0 26.490 36.675 44.618 62.688 80.721

0.8
0001 41.813 58.748 70.409 91.232 100.999

0 26.105 35.617 42.654 56.731 66.220

47.407
00 30.278

0.001 46.227 65.357 78.414 101.466 111.796
0._001 29.815 40.369 48.222 63.929 74.463 [

69.280 86 653 124.814 162.229
53.496 64 132 89.017 114-129

0.9 -* - -

0.01 - 65.689 79.805 104.156 114.337
51.866 61.160 80.270 93.590

x. 0.8 . o , 0.003,24. ... _ _ _ _ _ _ _ _ _ _._ ......

0 04 /4kbwe L0,
'TALK 60- FOR TORM-AIE FLUTTEUR

No rea solutions at 0 *1.0
WAX Tit 57-310 -1 WO



/W___.4 m 40 80 120 24o 4oo

0 25.995 37.022 45.446 64.417 83.238
o015.373 21.561 26.335 37.144 47.901

0.001 25.339 35.124 41.909 54.037 59.704
15.146 20.917 25.132 33.491 39.088

26.587 37.912 46.557 66.017 85. 18
0 16.226 22.728 27.750 39,124 50. 47

0.3 25.919 35.974 42.942 55.398 61.229
0.001 15.980 22.036 26.457 35.210 41.034

26.789 38.259 47.oo6 66.683 86.194
0.4 17.069 23.873 29.134 41.056 59,929

26.123 ?6.318 43.382 56.024 61.9770.001 16.805 23.132 27.754 36.889 42.936

0 26.397 37.851 46.561 66.128 85.514
0518.592 25.900 31.569 44.437 57.2620 .5 ....... ......

25.756 35.972 43.041 55.731 61.7840.0011 18.297 25.077 30.040 39.842 46.303

0 " " 58.495 76.198

o.6 .6- - 54 -2 34.

0.001

xI 0.8 X 0.01 0.003,24

-41 -a 0,3. 6
TABLE 61 'sbwa FOR TORSION-AILERON FLUTTER

No real solutionsu for values of - above 0.6
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4o 8o 120 240 400

23.123 33.051 40.617 57.633 74.502
0 16.133 22.543 27.503 38.748 49.9480

22.576 31.452 37.627 48.814 54.403
0.001 15.869 21.804 26.130 34.624 40.127

21.763 31.421 38.717 55.071 71.256
0 17.992 24.890 30.286 42.565 54.8190.3-

.001 21.629 29.957 35-.966 46.901 52.509

0 17.689 24.052 28.734 37.933 48.852

X= 0.8 x = .14 r= 0.003,24

o 0o.4 r= 0.36
TABLE 62 M b (0a FOR TORSION-AILERON FLUTTER,0

No real solutions for, above 0.3

(AT573

I
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APPENDIX

The use of the parameters and 1,"M to plot a flutter
boundary enable one to plot the requirements of the aircraft and
the flutter boundary on the same graph. For example, Fig. 2
shows the region

2

h 4

M

Fig. 2 'I

Graph of Flight Capability of Typical Aircraft
in Terms of Altitude and Mach Number

of expected flight capability for a typical aircraft on an
altitude versus Mach number plot. After setting the wing config-
uration (which includes 4 alk and m ) of the aircraft involved,
Fig. 2 may be redrawn on a versus OitM plot and should
look something like the sketch in Fig. 3.

5

F.1

/I M

Fig. 3

Flight Capability of Typical Aircraft I
in Terms of ,Ph and ,"
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Finally, if we superimpose the flutter boundary on the graph of
Fig. 3, we will have a sketch similar to the one shown in Fig. 4.
This diagroi imnediately

STABLE

2 UNSTABLE
LbwaSTABLE/

REGION 4AREA OF FLIGHT REGION

0 THAT IS UNS tABLEo U NSTABLE

5- REGION

Fig. 4

Flutter Boundary Superiniposed on Flight Boundary
for Typical Aircraft in Terms of AM end ,*,6

showg what part of the required flight region of the specific
airplane configuration is unstable.

T

WADC TN 57-310 76

r*

I


